Louisiana State University

LSU Digital Commons
LSU Historical Dissertations and Theses

Graduate School

1992

Influences on the Instream Distribution of Astyanax Fasciatus in a
Small River in Costa Rica.
Cecil Kelly Swing
Louisiana State University and Agricultural & Mechanical College

Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses

Recommended Citation
Swing, Cecil Kelly, "Influences on the Instream Distribution of Astyanax Fasciatus in a Small River in Costa
Rica." (1992). LSU Historical Dissertations and Theses. 5413.
https://digitalcommons.lsu.edu/gradschool_disstheses/5413

This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU
Digital Commons. For more information, please contact gradetd@lsu.edu.

INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may
be from any type of computer printer.
The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.
Photographs induded in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6” x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

University Microfilms International
A Bell & Howell Information Com pany
300 North Z eeb Road, Ann Arbor, Ml 48106-1346 USA
313/761-4700 800/521-0600

Order Num ber 0803981

Influences on the Instream distribution of Astyanaz faseiatus in a
small river in Costa Rica
Swing, Cecil Kelly, Ph.D.
The Louisiana State University and Agricultural and Mechanical OoL, 1992

300N,Z«ejbRd.
Ann Aitor, MI 48106

Order Num ber 0803081

Influences on th e instream distribution o f Astyanax fasciatus in a
sm all river in C osta R ica

Swing, Cecil Kelly, Ph.D.
The Louisiana State University and Agricultural and Mechanical CoL, 1092

I

300 N.ZeebRd.
Ann Attor, MI 48106

INFLUENCES ON THE INSTREAM DISTRIBUTION
OF ASTYANAX FASCIATUS
IN A SMALL RIVER IN COSTA RICA

A Dissertation
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of
Doctor of Philosophy
in
The Department of Zoology and Physiology

by
Cecil Kelly Swing
B.S., University of North Carolina at Wilmington, 1979
B.A., University of North Carolina at Wilmington, 1980
M.S., Auburn University, 1985
August 1992

INFLUENCES ON THE INSTREAM DISTRIBUTION
OF ASTYANAX FASCIATUS
IN A SMALL RIVER IN COSTA RICA

A Dissertation
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of
Doctor of Philosophy
in
The Department of Zoology and Physiology

by
Cecil Kelly Swing
B.S., University of North Carolina at Wilmington, 1979
B.A., University of North Carolina at Wilmington, 1980
M.S., Auburn University, 1985
August 1992

ACKNOWLEDGMENTS
As in any study* successful completion is only possible
because of the efforts of many individuals.
In Costa Rica* I wish to thank Roxanna Vfquez, Carlos
Ldpiz J.* Arturo Rodriguez* and especially Jorge Cabrera, Luis
Ovares, and Rdger Murillo of the Universidad Nacional in
Heredia for their support and help in obtaining collecting
permits, exportation permits, and housing at my study site in
Golfito.

I am also indebted to UNA itself for allowing me use of

their facilities in Golfito.

In Golfito, Elky Arguedas C., Beto

Vargas and his family all gave generous logistical and personal
support as did Federico Bonilla S. in San Josd.

Gratitude is also

extended to Anne Christian for her support and aid in field
work.

I am thankful for the cooperation of the personnel of the

Servicio de Vida Silvestre in San Josd.
Deep appreciation is due all my friends that have
supported me through various logistical problems associated
with being a student at LSU while trying to conduct research in
a foreign country.

Thanks are due Ed Wester for his support as

a friend and for his coattail as a business partner.

I am

appreciative of all the computer time and other help and
support from Jim and Sherry Demastes and Richard Cody.
I wish to thank the members of my committee, Bob
Cashner, Mark Hafner, Bob Hastings, Bill Kelso, and Jim Power,
for their participation and cooperation.

Special thanks are due

Mike Fitzsimons as my major professor for his
* •

11

undying

support, encouragement, guidance, friendship

and

toleration

throughout the ordeal of surviving me as a student.
I

am

grateful

to

Van

Remsen

and John

Bates

for

information concerning birds and to John P. O'Neill for ideas
and for preparation of models.
for

Appreciation goes to Ken Brown

reviewing a primordial form of this manuscript.
Because none of the trips

to Costa Rica would have been

possible without sufficient funding, I am particularly grateful
to Sigma Xi, the LSU Museum of Natural Science and its C.M.
Fugler Fellowship program, the LSU Department of Zoology, and
the National Guard at Camp Shelby (MSARNG).
1 continue to be ever appreciative of the love and support
of my friends and especially of my family.

TABLE OF CONTENTS
page
ACKNOWLEDGMENTS..............................................................................ii
LIST OF FIGURES..................................................................................... vi
ABSTRACT.............................................................................................. vii
INTRODUCTION......................................................................................... 1
CHARACTERIZATION OF THE STUDY AREA.......................................5
Physical description of the stream ........
5
Description of the fish community ......................................... 7
PART ONE
Influence of space, food, and competition on the
instream distribution of Astyanax fa s c ia tu s
METHODS AND MATERIALS

10
14

RESULTS AND DISCUSSION
19
Influence of space
19
Food exploitation ............................................... .2 3
Feeding behavior......................................................2 4
Availability of allochthonous insects ............... 2 6
Influence of terrestrial vertebrates ................. 3 0
Feeding activity patterns....................................... 3 9
CONCLUSIONS.................................................................. 4 2
PART TWO
Influence of predation risk on the
instream distribution of Astyanax fa s c ia tu s

44

METHODS AND MATERIALS......................................... 4 4
RESULTS AND DISCUSSION.......................................... 4 9
Distribution of predation risk ......................... 5 1
Effects of fish size on predation risk .............. 5 6
Discrimination of risk lev els.................................5 7
CONCLUSIONS...................................................................6 0

GENERAL CONCLUSIONS
LITERATURE CITED.........
VITA .................................

LIST OF FIGURES
Fi pure

page

1.

Maps illustrating study site location ...................................... 6

2.

Biomass of fish vs pool volum e....................................................2 0

3.

Length vs weight regression for Astyanax fasciatus .........21

4.

Foraging areas of A styanax .....................................................25

5.

Biomass of fish vs water surface area

6.

Jesus-Christ lizard activity throughout daylight hours ..3 2

7.

Biomass of fish vs adjacent wall surface area

33

8.

Percentage of wall reduction vs percentage of
fish biomass lost through emigration

35

Biomass of fish vs pool volume in response to
decreases in wall surface area

38

Schematic representation of distribution of
individuals throughout daylight hours

40

11.

Degree of stomach fullness

41

12.

Representation of flat models of piscivorous
and non-piscivorous birds

9.
10.

vs time of day

13.

Kingfisher feeding activity

throughout daylight

14.

Depths of schools throughout daylight hours

15.

Jesus-Christ lizard activity

throughout daylight

28

47
hours ..5 2
53
hours ..5 5

Influences on the Instream Distribution of Astyanax fasciatus
in a Small Costa Rican Stream.
ABSTRACT
The instream distribution of the tetra, Astyanax fasciatus,
was investigated through approximately 700 hours of field
observations in a small Costa Rican stream on the southwestern
Pacific coast near Golfito.

Individuals tended to remain in

particular pools where they subsisted primarily on a diet of
terrestrial insects.

These fish were able to migrate, and only as

many individuals stayed in any pool as could be sustained
there

by

intercepted

available

food

resources.

insects

fairly

uniformly

Because
over its

the

water

surface,

the

biomass of fish occupying any particular pool was proportional
to its surface area (r^ = 0.6S2).

The amount of insects available

to fish was sometimes augmented inadvertently by the activity
of lizards, Basiliscus vittatus.

These lizards regularly climbed

the nearly vertical stream banks and caused avalanches of soil
containing small insects to fall into the water.

Fish biomass

was also related to the amount of surface area of streamside
walls (r2 = 0.687).

When the effective surface area of such

walls was experimentally reduced, fish populations in adjacent
pools decreased through emigration.

Reduction in wall surface

available for input of food caused changes in rates of foraging
that led to delays in the daily pattern of behaviors associated
with feeding and satiety.

In this pattern of feeding behavior,

larger individuals tended to feed first with a progression of

smaller, less dominant fish having an opportunity at incoming
food as dominant fish became sated.
Because these fish came to the surface to feed, their
foraging behavior was influenced by risk of avian predation.
Schools tended to remain at greater depths in areas with
actively feeding kingfishers (Chloroceryle americana)(t = 8.349;
df 19; p = 0.0001) A stya n a x distinguished between models of
piscivorous and non-piscivorous species of birds.

The fish

responded to a model of a predatory species by moving deeper
in the water, by tightening the school, and by moving to areas
with rippled surfaces.

The study, showed that A s t y a n a x

distribution within this stream was influenced by availability
of the resources of both space and food, by intraspecific
competition, and by risk of predation.

INTRODUCTION
The freshwater ichthyofauna of the Neotropics remains
one of the most poorly known due to both high diversity and
limited access by investigators.
occur

in

supporting
1987).

the

Neotropics

over

1,300

Over 2,400 freshwater species

with

described

the

Amazon

species

Basin

alone

(Lowe-McConnell

In contrast, the Mississippi River Basin of temperate

North America supports only about 192 fish species (Nelson
1984).
W orld

Because of the high diversity of fishes in the New
tropics

and

the

consequent

com plexity

of

their

systematics, the animals' taxonomy remains confused but is
continuing to improve rapidly (Greenwood 1975, Nelson 1976
and 1984, Gery 1984, Swing and Ramsey 1989).

Although

some researchers

Carvalho

1980,

Santos

(Kndppel

1982,

1970, Almeida

Lowe-McConnell

1980,

1969,

Bayley

1973,

Goulding and Carvalho 1982, 1984, Goulding and Ferreira 1984,
LUling 1958, 1962, 1964, 1971a, 1971b, Gery 1964) have made
progress in the ecology of a few neotropical species, the vast
majority has not been studied in any detail.

Ecological studies

involving entire neotropical fish communities (Marlier 1967,
1968, Lowe-McConnell 1964, 1975, 1977, 1979, Kiamer 1978,
Petrere 1982, Soares 1979, Goulding 1980, 1981, Saul 1975,
Smith 1981, LUling 1975, Swing and Ramsey 1987) are much
less common mainly because of the difficulty in working with
such large assemblages.
Fortunately, not all neotropical fish communities
equally complex.

For example, the ichthyofauna of much of
1

are

Central America is an exception to the generalization of high
diversity in the Neotropics; far fewer species occur on the
isthmus than on the South American continent.

The paucity of

the freshwater ichthyofauna of Mesoamerica has two primary
causes (Miller 1966, 1982, Myers 1966, Bussing 1976).

First,

the isolation of Middle America from South America extended
throughout most of the Cenozoic with connection not occurring
until the late Pliocene.

The recent occurrence of this geologic

event implies a fairly short period for invasion, adaptation, and
speciation on the narrow and generally mountainous Central
American Isthmus.

The second reason for the lack of diversity

lies in the apparent inability of North American fish species to
adapt to tropical conditions and to compete with neotropical
species.
species

Only a handful of North American primary freshwater
have

invaded

beyond

the Isthm us

of

diversity

of Tehuantepec

(M iller 1966).
Because
accessibility

low

and

the

relative

ease

of

by investigators, much of the ichthyofauna of

Central America is well defined taxonomically (Meek 1904,
1914, Hildebrand 1925, 1938, Hubbs 1935, 1936, Alvarez del
V illar

1970,

Thom erson

and

G reenfield

1972).

The

ichthyofauna of Costa Rica, in particular, stands out as one of
the most well understood taxonomically because of the efforts
of Bussing (1987), whose work provides a strong foundation for
further studies of the fishes of that country.

Other researchers

(notably

and

Zaret

Angerm eier

and

and

Rand

Karr

1971,

1983,

Gorman

Power

1983,

K arr

1984a,

1978,
1984b,

Angermeier and Schlosser 1989, Lyons and Schneider 1990,
W in em iller

1990)

understanding

of

have

made

freshw ater

co n trib u tio n s

fish

com m unities

to

our

in

the

Neotropics.
Angermeier and Karr (1983) pointed out that the central
goal of community ecology is to understand mechanisms and
processes responsible for similarities and differences among
communities. Often, approaching that goal in tropical systems is
difficult because of the high species richness involved.

My

approach here is much the scheme suggested by Angermeier
and

Karr

(1983).

This

stategy

involves

observation

of

communities along environmental gradients, including initial
analyses which yield basic data for development of testable
hypotheses, and conduction of definitive studies that include
experimentation.

In my studies, I observed and experimented

with relatively simple tropical ecosystems containing only a
few fish species, so that I was able to isolate habitats and
define niches more easily.

This procedure afforded greater

potential for providing some answers that eventually may be
extrapolated to more complex communities.

I focused on the

ecology of one fish species, Astyanax fasciatus, in hope that a
deeper understanding of its biology will lead to a better
understanding of the entire community.
Several factors that influence the instream distribution or
microhabitat selection of Astyanax fasciatus are addressed in
this study.

Considering that this species is widespread in

Central America and northwestern South America and that the

4
genus occurs in various habitats from Texas to Argentina, there
are many more factors involved in the distribution of A sty a n a x
than can or will be included here.

I have not included analyses

of abiotic factors for the most part because characteristics of
habitats occupied by this species have been well described
(Bussing 1987).

Instead, I focused on the influences of space,

food, crowding, competition, and risk of predation on the
distribution of Astyanax fasciatus.
Visual

assessment techniques proved

appropriate

for

the

research

regulations

concerning

objectives,

w ildlife,

and

for

to be the most
for

Costa

logistics.

Rican
These

techniques allowed direct observations of assemblages through
time with minimal disturbance of the animals and without the
need

to

collect

large

series

for

interpretation (Bortone et al. 1986).
the

advantage

of requiring

the

subsequent

laboratory

This approach afforded

observer to

become

more

intimate with the habits of the fishes themselves by observing
behavior directly, as opposed to having to make deductions
indirectly from data gathered later from museum specimens
only.

CHARACTERIZATION OF THE STUDY AREA
Physical description of the stream
The study area (Figure 1) was located along the mid
reaches of the Rfo Caflaza (8° 38' N, 83° 11' W), a lowland
clearw ater (sen su Sioli 1964) tributary of the bay of Golfito at
the northern end of the town of Golfito on the southwestern
coast of Costa Rica.
on

the Pacific

The length of this stream, like many others

versant, is restricted

mountains to the west coast.
and

water clarity

by the proxim ity

of

Headwaters originate as springs,

is excellent for underw ater observations

throughout the year except during extremely high flow and in
lower reaches where the stream passes through a mangrove
forest.

High flow occurs primarily during the rainy season,

March through October, but fluctuations occur in other months.
Rains usually occur late in the afternoon.

Water level in the

stream peaks during the night and then subsides by the middle
of the next morning.

Substrate ranges from igneous boulders

in the uppermost reaches to gravel and cobbles in mid-reach
riffles and sand in all pools and downstream

areas.

distributaries in the mangrove area are heavily silted.

All
Middle

and lower reaches of the stream lie in a sedimentary bed that
shows

distinct

evidence

of

a

history

of

m eandering

by

exhibiting exposed walls of eroded alluvium in some places.
M ost of the creek is a second-order stream, but some study
sites were located in lower parts of first-order tributaries that
are not significantly different in character from sites further
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Quebrada
Naranjat

Rfo Caflaza

Quebrada Corozal
Quebrada
Banco
Quebrada Pita

GOLFITO

GOLFO DULCE
NICARAGUA

B
COSTA
RICA
San Jose

MEXICO
UCATAN

CENTRAL
AMERICA-

Osa
Peninsula!
Corcovado
National Par

Golfito

SOUTH
AMERICA

Figure 1. Maps illustrating study site location.
A. Study stream locality and area north of Golfito, Costa Rica.
B. Location of study area in Costa Rica. C. Location of Costa
Rica in Central America.

downstream.

Over the approximately 3-km run of this stream,

i

a width of 2 m is exceeded only in downstream areas below
study sites, and a depth of 1.6 m was never exceeded during
the course of the study.

In a few short runs along the Rfo

Caflaza, grasses (Poaceae) encroached on the water's edge, but
there was no rooted aquatic vegetation in the study areas.
Upper

reaches

passed

through

forested

areas

with

low

overhanging vegetation, whereas lower reaches were generally
much more open.
Description of the fish community
The ichthyofauna present in the Rfo Caflaza is abundant
but not diverse, which is surprising, considering the low
productivity of the stream.

The low diversity is a consequence

of geographic location of the stream on the Central American
Isthmus.

The geographic location of the stream adjacent to the

Pacific Ocean implies that it is likely to be influenced strongly
by either the marine environment or by the invasion of marine
species.
The

most

abundant

species

throughout

most of the

stream, the Mexican tetra, Astyanax fa scia tu s was present in
most pools from the bases of water falls downstream to the
edge of mangrove areas.

This highly insectivorous characin

likely represents the only primary freshwater fish in the river.
P oeciliopsis

retropinna, a medium-sized poeciliid, was

much less abundant, with only a few individuals in some of the
major pools

along

the

mid-reaches

of the

stream.

They

apparently fed on microcrustaceans and algae located on the
su b stra te .
All other fishes in this river have definite affinities with
m arine groups and exhibit changes in instream distribution
with changes in flow regimes between wet and dry seasons.
A pipefish. Pseudophallus starksi, was fairly common in
grassy vegetation that extended into fast flowing water in the
lower reaches of the Rfo Caflaza.

This species appeared to be

able to exploit a greater portion of the stream during low flow
as it was collected about 500 m further upstream during three
separate dry seasons.
Two species of gobies occurred in almost all parts of the
Sicydium

stream.
m ore

common

scraped

salvini, the smaller of the two, was much

especially

in

m oderate

riffles

where

algae off the surface of small rocks.

they

Awaous

tr a n s a n d e a n u s was less common, and spent their time in the
sloping

bottom s

of

pools

where

they

were

apparently

consuming algae and other organic material extracted from
mouthfuls of sand.

A w a o u s moved into the lowest reaches of

the river (pools in the mangrove swamp) during extended
periods of high water.
Two species of eleotrids, Eleotris picta and G o b io m o ru s
m a c u la tu s , were common in pools large enough to provide
sufficient cover.
crustaceans.

These species were mostly nocturnal and ate

The herbivorous eleotrid, D orm itator

la tifro n s,

was restricted to a few Tather isolated, weed-choked, side pools
never more than a few hundred meters from the coast.

A g o n o sto m u s

m o n tic o la , the mountain mullet, is a

detritivore that ranged throughout the stream but was much
more common within 300 m of the coast.
Two species of snook, C entropom us

p ectin a tu s and C .

u n d e c im a lis, were found in the stream as well.

Juveniles were

always present in pools in the mangrove area and occasionally
encroached a few dozen meters beyond the mangroves.

Once,

during an extended dry period, an individual was taken l.S km
from the coast.
A large surface-feeding cyprinodontid, O x y z y g o n e c t e s
d o v ii, was restricted to relatively well protected and shaded
areas in the mangrove swamp.
Various other species of mojarras (Gerreidae), snappers
(Lutjanidae), gobies (Gobiidae), puffers (Tetraodontidae), and
flatfish (Bothidae) commonly entered the lowest extremes of
the river where salinities were consistently greater than 5-10
parts per thousand (ppt).

Members of these groups were never

observed inland beyond the mangrove swamp.

PART ONE
Influence of Space, Food, and Competition on the Instream
Distribution of Astyanax fasciatus.
In

m ost

individuals

organism s,

appears

to

be

density

-and

governed

by

d istrib u tio n
attributes

of

of the

organisms as well as characteristics of the environment.

In

organisms able to move from site to site, density is often
influenced by both intraspecific interactions and the availabilty
of resources.
changes

in

individuals.

These effects are obviously interrelated because
density

likely

change

resource

availability

to

Degree of spacing can be important because of

influence on disease, predation, and competition (Hinde 19S6).
In any case, there is some minimal amount of space required
for any one individual to be successful in obtaining all the
resources that are necessary for sustaining life.

Space is

probably the most basic resource since it, in turn, allows access
to other necessary resources.

Chapman (1966) showed that

the resources of space and food may be so closely linked that
the two should be studied together.
correlation

should

exist

between

It is expected that a

available

space

and

the

number of individuals occupying that space or the amount of
biomass that can be supported there (Lowe-McConnell 1987).
Just how such relationships have developed through time is
addressed by optimal foraging theory (Emlen 1966, MacArthur
and Pianka 1966).

This theory suggests that organisms evolve
10

toward a condition that enables them to use the environment
in ways that maximize energy intake while minimizing energy
expenditures.

The theory has come to be an all-encompassing

concept that includes explanations of diet composition, foraging
behavior, timing of feeding activity, feeding efficiency, habitat
preference, and other aspects of a species' biology (Werner and
Mittelbach 1981).
resulted

from

A multitude

subsequent

of scientific articles have

investigations

of

the

theory.

Superficially and intuitively, there is a great deal of support for
the explanations provided by optimal foraging theory.

Critical

review, however, has raised some doubts (Pyke 1984), and
some have even called the theory a "complete waste of time"
(Pierce and Ollason 1987) mainly because of the tautological
nature of supporting arguments.
Documentation

of optimality

fishes is difficult.

in habitat usage for most

Problems continually arise due to the

inability to delimit the amount of space used by individuals
because most habitats are not narrowly demarcated.

Usually

fishes in medium to large bodies of water have easy access to
deeper water areas
stream

or they tend

(Forbes and Richardson

to move readily along a
1908, Shelford

1911), but

A stya n a x fa sc ia tu s in the Rfo Caflaza are an exception.

First,

the study river is small, and second, habitat preference places
these fish in areas

precisely defined by distinct boundaries.

Individuals tended to remain in fairly quiet pools and did not
readily

move

decreasing

along

water

the

levels

stream
or

other

when

confronted

disturbances.

with
These

behavioral characteristics make Astyanax fa scia tu s in the Rfo
Caflaza good candidates for the study of the relationship of
space and

food availability

and

the potential for optimal

resource utilization.
Although most fishes exhibit preferences for certain food
types, they generally have great flexibility in their diets.

This

flexibility may afford them the ability to survive lean seasons
more

easily,

but

changes

in

food

inherent difficulty in diet studies.

consum ption

cause

an

Even the most specialized

fish will occasionally take prey items that are not frequently
available or exploited.

Fishes tend to broaden their diets to

include less preferred prey as availablity of preferred prey
declines (Dill 1983).

Thus, any fish may consume almost any

prey item given the appropriate situation.
A large proportion of tropical freshwater fish species
exploit terrestrial insects as a major portion of their diets at
least during some part of the year (Gosse 1963, Kndppel 1970,
Inger 1955, Lauzanne 1976, Corbet 1961), but insufficient data
have been collected to explain fully all of the ecological
implications of this phenomenon.

The predominance of insects

in the diet may simply reflect opportunistic behavior through
exploitation

of

a

resource

that

is

particularly

abundant

seasonally.

For fish that primarily consume allochthonous

material at the water's surface, the amount of fish biomass is
likely to be proportional to the surface area that supports them
(Lowe-M cConnell

1987).

Lowe-M cConnell found

that

the

faunal carrying capacity of bodies of water can be greatly

increased by the ability of the fauna to exploit allochthonous
resources.

The proportion

of fish

biom ass

supported

by

terrestrial insects is highest in the smallest parts of streams
(Angermeier and Karr 1983), where fish densities can not be
supported by autochthonous productivity alone.

Species that

depend strictly on autochthonous production are very likely
less

abundant

than

those

that

are

able

to

exploit

other

resources.
W henever many animals

are

exploiting

a potentially

limited common resource in the same place, some degree of
competition might be expected to occur.

Although competition

has long been accepted intuitively as an integral part of the
lives

of

all

organisms,

it

continues

to

be

difficult

to

demonstrate, particularly in nature (Schoener

1983).

Since

theories

(Lotka

1925,

about

com petition

were

developed

Volterra 1926, Gause 1934, Mac Arthur and Levins 1967), a
tremendous amount of research has yielded a proliferation of
scientific articles on the topic, but only a small minority has
been

able

to

competition.

dem onstrate

adequately

the

phenom enon

of

A large proportion of articles in this and related

fields has argued the relative importance of competition (Zaret
and Rand 1971, Schoener 1983), predation (Fraser and Cerri
1982, Sih et al. 1985), and chance (Harvey et al. 1983) to
community structure (Schoener 1987).
The fact that Astyanax fa scia tu s is a tropical freshwater
fish that lives in schools in small streams and has a primarily
allochthonous

diet suggests

that relationships

between

fish

density and its resources may exist in natural populations.

It is

my objective here to determine whether such relationships
operate in this species.

METHODS AND MATERIALS
I was able to use visual assessment techniques to observe
schools o f tetras through time without disturbing them.

This

procedure was particularly useful in the Rfo Cafiaza because of
the water clarity and the small size of the stream.
studies

involved

densities,

spatial

approxim ately

700

observations
use

on

and feeding

hours

during the seven periods:

of field

natural

Initial

d istrib u tio n s,

behavior.

A total

observations

was

of

made

17 July through 13 August 1984; 2

May through 31 May 1986; 4 June through 1 July 1986; 13
December 1987 through 6 January 1988; 30 June through 6
July 1989; 14 December through 17 December 1989; and 28
N ovem ber

1990

observations
collected

and

from

through

3

January

experim ents

the stream

and

were

1991.

A fter

com pleted,

subsequently

fish

measured

all
were
and

weighed for the development of a length-weight regression.
These data allowed estimation of the fish biomass of any small,
restricted area by noting the number of individuals per size
class and converting to weight.
exceed

Because these fish rarely

100 mm total length (TL), I used

1-cm size class

increments, which allowed precise visual determinations.

To document the stability of tetra populations in pools,
observations were made on a daily basis over a period of seven
to 10 days before experimental perturbations were initiated.
Hoenicke (1983) in studies nearby on the Osa Peninsula, noted
that movements of Astyanax fa scia tu s between pools in small
streams were negligible.

The tendency of these fish to remain

in particular pools allowed censuses to be corroborated daily.
Numbers of individuals per size class were noted, and, in some
cases, individuals were recognized by the presence of scars,
damaged fins, or unusual coloration.
pools apparently

Visual observation of the

did not disturb the fish because

populations

remained relatively unchanged from day to day and never
exhibited a difference of more than one individual per day
during

the

perform ed.

period
No

before

experim ental

individuals

were

treatm ents

caught

until

were

after

all

experimental treatments were completed to avoid fish leaving
a pool solely due to disturbance.

The tendency of individual A .

fa s c ia tu s to remain in a single pool allowed the establishment
of

experim ental

and

control

pools

for

treatment effects

on tetra foraging patterns

others (Hoenicke

1983).

determ ination
in this

of

study and

To relate tetra biomass per pool to amount of space
available, the depth, length, and width of each pool were
measured to estimate total volume.

Size of field sites was

delineated by natural boundaries of pools and riffles.

Due to

the importance of allochthonous material in the diet of these
fish, surface area was assumed to be of importance and was

calculated.

Eroded vertical walls adjacent to the stream were

measured also because of their potential to provide input of
terrestrial insects.

The stream was blocked with a 1-mm mesh

net at the middle and ends of pools and riffles to determine
where

insects

consumed.

entered

the

system

and

where

they

were

Data collected were qualitative.

Early indications of the importance of terrestrial insects
from both the water surface and adjacent stream banks led to
attempts to quantify input per unit area.

To estimate input of

insects via 4he water surface, I dug shallow 1-m^ pits adjacent
to the stream in sand bars or gravel bars.

These pits were

filled by underground flow to the same level as the stream.
Due to their proximity to the stream, the potential of the pits
for receiving insects was assumed to be similar to that of the
stream.

The number of insects on the surface was recorded at

30-minute intervals until a sample size of 50 intervals was
reached, and the input to the total surface area of the pools was
then calculated.

Because it has been shown that allochthonous

insect input can be quite different between areas with and
without canopy cover (Mason and MacDonald 1982), all study
sites were chosen in areas lacking overhanging vegetation.
input

of terrestrial

insects

was

assumed

uniform over the surface in such areas.

to

be

The

relatively

In larger bodies of

water, it has been shown that the surface nearer the edge
received greater input of terrestrial insects (Lauzanne 1976),
but that was not a factor at study sites in the Rfo Cafiaza due to
the narrow width of the stream.

To quantify input from the

adjacent walls, fences made from pieces of large plastic bags
were positioned on the lower part of the banks where falling
insects were caught and counted.

These pieces of plastic bags

were pinned to the lower edge of walls with sticks to create a
shelf approximately 35 cm wide and 15 cm from front to back.
Sim ilar fences
amount

of

were installed

wall

surface

to

alter experimentally

available

for

input

of

the

insects.

Installation of fences along walls required walking in the
stream, so 1 determined through underwater observation that
fish did not emigrate due solely to that activity.

Efforts were

made to trap the insects on the plastic by use of sticky
substances, such as diesel fuel, so that they could be counted
over a period of time, but this proved to be unreliable as the
soil

that

fell

with

the

insects

allowed

them

to

escape.

Therefore, I tried to relate the amount of soil that accumulated
over time to the number of insects that were dislodged, by
recording

the

number and

kinds

of terrestrial

arthropods

collected below randomly selected l-m 2 plots on the walls and
the number of avalanches per unit time.

However, variation in

factors involved (eg. wind, humidity, sun exposure, rainfall,
seepage, abundance of insects, vertebrate activity, and others)
led to only rough estimates of insect input to the stream.

The

activity of terrestrial lizards was the most consistent of these
variables.

I quantified lizard activity by counting the number

of lizards sighted during 30-minute walks along the stream.
Such data were collected randomly until at least four 30minute observations had been made for all daylight hours.

Observations were made only daring non-consecutive intervals
to avoid changes in lizard behavior in response to the observer.
Data on volume, water surface area, and wall surface area were
analized with the use of simple and multiple regression.
Dissections yielded data on diet composition and time of
feeding.

Degree of fullness was quantified by assigning a rank

between

0

and

5 to

each

stom ach,

with

0

representing

complete emptiness and 5 representing complete fullness with
distention.

For statistical analysis, data from small size classes

(<70 mm TL) were combined and compared (using an F-test)
with the data combined from the larger size classes (>70 mm
TL).

Behavior of at least 20 individuals of each size class was

categorized

every

two

hours

during

daylight

to

quantify

foraging

activity patterns and relate behavior to levels

of

satiety.

Distribution of individuals engaged in these activities

were later compared in unaltered stretches of stream and in
stretches that had been experim entally

altered

to decrease

food supply through installation of fences on adjacent walls.

To

determine effects of increased food supply, I supplemented the
amount of insects entering the stream by introducing ants onto
the surface.
Although ministerial restrictions were in effect for the
number and kind of specimens collected and exported from
Costa Rica, several trips and permits allowed an accumulation
of dry-season collections with series spanning the hours of the
day.

All specimens are curated in the Collection of Fishes in the

Louisiana State University Museum of Natural Science (catalog

numbers

and number of specimens each: LSUMZ 6S62,

19;

6582, 8;

6584, 27; 7447, 15; 7452, 15; 7453, 20; 8036, 11;

8037, 17; 8038, 10; 8042, 16; 8043, 15; 8044, 25; 8045, 25).

RESULTS AND DISCUSSION
Influence of space
V ariation

in

pool volume

explained 65.2% (F -

available

to

tetra

schools

18.712, p = .0015) of the variation

in

estimated tetra biomass from pools during dry season (Figure
2).

In several comparisons of actual biomass collected from

blocked-off

pools

and

biomass

estim ated

through

visual

assessm ent and subsequent conversion (Figure 3, n = 50),
errors never exceeded 10%.

Morris (1987) has shown that

simple regression analysis is appropriate to assess the response
of

anim al

density

to

differences

in , h ab itat

q u ality .

Unfortunately, this relationship is not stable for A s ty a n a x in
the Rfo Cafiaza throughout the year because the number and
size

of pools

seasons.
become

changes

significantly

between

dry

and

wet

With increased flow in wet season, areas of slow flow
lim ited,

meaning

fewer

pools

changes in tetra population is minimal.

are

present

while

In the wet season, fish

are crowded by a requirement for shelter (Hartman 1965) into
those areas where they can most easily maintain their position
in the stream; higher densities occur in the few pools that
remain.

This is not unexpected because fishes may often be

forced into using different habitats or resources, or using
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Length vs weight regression for
Astyanax fasciatus.

sim ilar

habitats

especially

and resources in

after a flood

crowding of Astyanax

(Harrell

slightly
1978).

different ways,
This wet-season

fa scia tu s is directly opposite to the

response shown by many other species in seasonally variable
streams in which disjunct pools form in dry season and huge
numbers of individuals are trapped in relatively small pools
(K ushlan

1974,

1976b).

Nevertheless,

such

observations

(Kushlan 1976a, Ross and Baker 1983) make it obvious that
w ater

level

changes

aTe

often

dom inant

influences

community structure both seasonally and annually.

on

In these

tetras, the effects of wet-season crowding was evidenced both
behaviorally in natural populations and physically in museum
specimens

because of a greater number of torn fins and

missing scales.

Such crowding, however, did not always

significantly affect availability of resources other than space to
individuals because the density of tetras per total volume of
stream

was

not

increased.

Instead

overall

fish

density

decreased due to the dilution by a greater volume of water in
the entire stream.

The few pools that remained probably

served as refuges, from high flow and, despite the crowding,
still supplied sufficient food resouces.

Fraser and Sise (1980)

showed that individuals tend to accumulate in certain pools by
apparently

choosing

characteristic
particular pool.

or

those

over

com bination

others
of

because

characteristics

of
of

some
that

The ability of fish to move freely from pool to

pool implies that they can select pools on the basis of quality
and that they can make adjustments to deteriorating conditions

providing that there is sufficient flow over the interspersed
riffles (Fraser and Sise1980).

Tetras in

the Rfo Cafiaza were

most common in pools that had areas of slow flow and depths
greater than 30 cm.

In many cases, food resources may

actually be more plentiful in wet season than in dry season
(Janzen 1973, Angermeier and Karr 1983), and therefore, fish
may

have

situations.

m ore

to

eat per

individual

even

in

crowded

More individuals may have access to more food but

habitat availability may mean that more individuals are eating
at the same place.

A greater level of feeding or number of

opportunities at food items in the presence of more individuals
may lead to a greater number of intraspecific encounters and
supply an explanation for the greater level of damage that fish
exhibited during wet season.
Food exploitation
A stya n a x obtains a significant proportion of its food from
the water surface in the form of terrestrial insects (Angermeier
and Karr 1983, Winemiller 1983).

Underwater observations (n

= 75) of Rfo Cafiaza fish revealed that 63.2% of all feeding
occurred within

5 cm of the surface, and

another 24.1%

occurred between 5 and 15 cm of the surface.

Most living or

freshly

killed

terrestrial

insects

were

buoyant

and

were

submerged only briefly by the turbulence present at the upper
end of a pool where the riffle enters.
small fish seen nipping at the substrate.

Only occasionally were
Feeding activity was

concentrated in the 1-m portion of pools furthest upstream.

Stomach analyses showed that terrestrial insects were present
in 88% of fish dissected and that these animals comprised 57 to
92% (X ±. SD ■ 81.3 dt 6.7; n ■ 100) of stomach contents by
volume.

No other fishes in this stream relied so heavily on

allochthonous insects.

A few individuals contained several

small seeds that appeared to be undamaged and therefore,
unlikely to provide nutritional value to the fish.

The only

recognizable food items of obvious aquatic origin found in
stomachs were a sialid larva and an abdominal segment of a
freshwater shrimp.

A sty a n a x , as well as most other fishes, will

exploit opportunistically any available food resources.

On one

occasion, tetras in the study stream consumed small freshwater
shrimp almost exclusively.

Normally these shrimp occurred in

riffle areas where they were separated by habitat from these
fish and only occasionally were found in gut contents of the
tetras.

In this one case, the stream had been illegally poisoned

for the harvest of M acrobrachium prawns.

This activity caused

the death of all the aquatic arthropods in the stream and these
small shrimp were then washed into the pools where the tetras
ate them.
Feeding behavior
Underwater observations revealed four levels of satiety
or appetitive behavior in Astyanax foraging based on position
in the pool (Figure 4) and the propensity of individuals to come
to the surface and feed.

The first of these levels was "active

feeding", which was normally represented by maintenance of a

Flow

Active Feeding
Staging
Transition
Inactive

Figure 4. Foraging areas of Astyanax fasciatus

position fairly high in the water column and near the upper
end of the pool facing upstream to allow easy access to any
incoming food.

Another level was "inactive", characterized by a

position low in the water, out of the main current, near the
bottom and further downstream, not coming to the surface
even when food was introduced.

A level intermediate to these

two is the "transition" level, characterized by a mid-water
position near the upper end of the pool and a tendency to come
to the surface when food was easily obtainable.

A fish in the

"transition” level surfaced only when there was sufficient food
available at any particular instant so that a low intensity strike
was sufficient to take the item before another individual did.
In the last of these modes, called "staging", individuals were
usually those that were smaller and therefore precluded from
getting first opportunity at any incoming food.

These "staging"

individuals were usually at about the same height in the water
colum n

as

those

"actively

feeding” but

were

supplanted

immediately downstream by larger individuals and therefore
not allowed easy access to incoming food.
Availability of allochthonous insects
Insects that fell onto the surface of a pool only rarely
passed downstream and therefore, are assumed to have been
eaten in the pool where they fell.

Because terrestrial insects

could be collected at any point along a riffle, it was assumed
that those falling onto a riffle were swept downstream to the
next pool where they were consumed.

It appeared that fish in

any particular pool were supported by food from their pool and
the next riffle upstream* so estimates of the surface area of the
riffles were included in analyses.

Those fish present in the

next pool upstream presumably were consuming allochthonous
insects in a similar manner and did not allow insects to drift
downstream.

Thus* each pool and its tributary riffle functioned

as a unit, with the stream composed of a series of such units.
When biomass of the fish occupying a pool was plotted against
the surface area of their pool plus the surface area of the next
riffle upstream (Figure 5), there was a significant correlation (r
= 0.829, F ss 37.25, p = .0001) and the regression analysis
showed that 68.7% of the variation could be explained by this
variable

alone.

These

findings,

coupled

with

behavioral

observations, support the hypothesis that the biomass of a
species that feeds on allochthonous material, is related to the
area of the surface that intercepts the resource.

Similarly,

Holbrook and Schmitt (1984) showed that the abundance of
trout

could

be predicted

on

the

basis

of food

resource

abundance.
The input of terrestrial insects to any aquatic ecosystem
may be influenced by several factors (Janzen 1973) including
seasonality, position

or microhabitat, time of day,

weather, or even the activity of other organisms.
cycles

of most insects

are

strictly

tied

severe

The life

to environmental

occurrences and, in the tropics, seasonal fluctuations, especially
in rainfall, often serve as cues for reproduction (Mason and
MacDonald 1982).

This means that certain seasons of the year
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Biomass of fish vs water surface area.
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normally experience tremendous increases in populations of
insects that, in turn, may supply an abundant food resource for
other organisms.

It has been shown that shaded areas of

streams Teceive a greater amount of falling insects than do
those

areas

M acDonald

that lack
1982).

overhanging

vegetation

(M ason

and

Habitat preference of riparian arboreal

insects certainly puts them at a greater risk of falling into the
water than those at other sites.

The daily activity pattern of

insects themselves or of other organisms may influence when,
where, and in what abundance they become available to an
aquatic predator.

Leafcutter ants of the genus A tta are good

examples of such insects because they often have huge nests
adjacent to streams and are constantly making forays to and
from the nest site.

On the Osa Peninsula of Costa Rica, Hoenicke

(1983) found that pools next to A tta

nests supported higher

densities of Astyanax fasciatus and that those pools contained
tetras of a larger average size than pools not associated with
leafcutter ant nests.

He suggested that the higher densities

were due to the greater amounts of leaf litter that were
available to the tetras in those pools because of the activity of
the ants.
detritus.

In my studies, I rarely

observed tetras taking

In experimental tests, when fish were offered a

choice between detritus or leaf fragments and an ant (n = 10)
in natural settings, the fish always took the insect.
contents revealed a prevalence of insects as well.

Gut

Because

Hoenicke's studies were performed inside Corcovado National
Park (Figure

1), no specimens could be collected for diet

analysis, and therefore, that valuable source of information was
not available to him.

Hoenicke's results are similar to those

from the Rfo Cafiaza, but it is possible that the higher densities
and larger-sized individuals of A sty a n a x he observed in pools
adjacent to ant nests on the Osa Peninsula were supported by
ants that fell into the water rather than by dropped pieces of
leaves.
Influence of terrestrial vertebrates
Many other factors may also affect the abundance of
insects
surface.

that come into contact with or get trapped in the water
Strong winds or heavy storms cause disturbances that

can alter the availability of terrestrial insects to an aquatic
insectivore.

The activity of a frugivorous bird in a tree at

streamside could easily dislodge insects that might fall into the
stream below.

During the Rfo Cafiaza study, such a relation was

discovered between Basiliscus
and A sty a n a x ,

vittatus, a Jesus-Christ lizard,

The lizard's common name is derived from its

unusual ability to run on water as an escape mechanism.
B a silisc u s lizards are common around the Rfo Cafiaza as they
are

around

America.

lowland

streams

throughout

much

of

Central

Jesus-Christ lizards are primarily insectivores that

spend much of their time on sand or gravel banks of streams
sunning and roaming about in search of insects.

On the Rfo

Cafiaza, their activity extended to some nearly-vertical stream
banks where they often disturbed the substrate and caused
small avalanches to slide off into the water below.

Early in my

exposure to the natural history of the Neotropics* I* like others
(Gery 1978)* noticed that any disturbance of the water surface
attracts the attention of characoids.

Earth and gravel falling

into the Rfo Cafiaza were not exceptions.

Mask-and>snorkel

observations of schools conducted during avalanches

showed

that tetras were rushing over to the site of disturbance to pick
out any insects that may have been carried along with the soil.
Because of these observations, I wanted to determ ine

the

importance of the activity of the lizards on these walls in
providing food for fish.
high level of activity

Lizards seemed to have a relatively
(Figure 6) throughout the hours

of

daylight except near dusk and dawn when activity tapered to
zero.

This observation means that wherever the lizards were

active* the random disturbances they caused were distributed
throughout

the

day

and

may have

augm ented

insect

availability for the fish in the pools below on a fairly regular
basis

throughout the day.

Regression

analyses

showed

a

significant correlation (r = .718, F = 15.947, p = .0012) between
fish biomass and adjacent wall surface area (Figure 7).

The r^

value indicates that 51.5% of variation in school size can be
explained by wall surface area.

Experimental reduction of the

amount of wall surface area available for providing insects
usually

led

to

the emigration

of some

individuals.

This

response was presumably due to increased competition for a
limited food resource, but no significant relationship (r « .404, F
= 1.363* p = .2813) was found between the proportion of
em igrating

biomass

and

the

proportion of wall

reduction
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Figure 6. Jesus-Christ lizard, Basiliscus vittatus, activity
throughout daylight hours. Bars represent number of active
individuals sighted along the stream during 30-minute
o b serv atio n s.
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(Figure 8).

Only sites with lizards were included in the

regression analysis.

This lack of statistical relatedness does not

discount the potential importance of the wall as a food source
but instead may indicate that its importance is highly variable
from one pool to the next.

In the cases when no individuals

left, it was noted subsequently that those particular walls
lacked either insects or lizards.
By estimating the number of small arthropods available
per unit surface area of the water plus the surface area of
adjacent walls, the total terrestrial insect input per gram of
ichthyomass per day could be estimated.

If all fish

had

remained in pools with decreased wall surface area available
for input of insects, number of insects available per gram of
fish would have decreased.

Absolute estim ates of insects

available are unreliable and tremendously variable due to the
abundance of influences on every part of the stream, but
hypothetically, if absolute insect availability decreases while
the fish population remains unchanged, the food available to
any individual fish must decrease.

For fish to maintain some

level of consumption in the face of a decreasing food resource,
some individuals must be excluded either by competition or by
em igration.
If resources are actually limiting, then competition can
increase (Jaeger 1980, Waser 1985, Petranka and Sih 1986),
and some less competitive individuals would be forced to leave
to survive.
of prey

If, however, the predators are monitoring success

capture,

they

might leave

as

a consequence

of

35

ioon
80 -

£

Sites with lizards

%
E
o
CO 6 0 -

O

Sites without lizards

V)

o 40"
*o
o
oc

y « 0.673x - 6.88
r2 = .163

20
40
60
80
100
Percent Reduction of Wall Surface Area
Figure 8. Percentage of wall reduction vs percentage of
fish biomass lost through emigration. Closed symbols represent
observations from sites with active lizards and open symbols
represent observations from sites that lacked lizards.

decreased success within a patch.

The rate of successful prey

capture may be judged on the basis o f how much food is
encountered, how often food is encountered, or some other
factor (Chapman 1966).

In my experiments in the Rfo Cafiaza,

either the amount of food available per unit time may have
been decreasing or the amount of time between captures may
have been increasing to yield the perception that a patch was
becom ing
research ers

less

profitable

have

(W erner

hypothesized

et

al.

about

1983).

the

reasons

Many
for

movements in patchy environments (Kiester and Slatkin 1974,
Fraser

and

Sise

1980,

M orris

1987,

Guyer

1988)

both

concerning immigration for exploitation of a locally abundant
resource and for emigration from a patch with low availability
of a resource.

The reasons for both kinds of movements

probably are similar, except for the direction of the causal
vector (Charnov

et al.

1976).

Some degree

of neighbor

monitoring and conspecific cueing strategy (Kiester and Slatkin
1974) may be involved in situations where resources are even
more patchy in distribution and less predictable in time so that
an aggregation of individuals relies on the scouting ability of all
individuals involved.

In that situation, a resource is located

and depleted before moving on to find another.

In these tetras,

however, only a few individuals left any particular patch at a
tim e,

and

the

resource,

being

decreased

but

continually

renewed, was still available and sufficient for those individuals
that did not leave.

Fryxell et al. (1988) show ways in which

such migrants could have access to greater food supplies than

non-migrants because movements may allow migrants to shift
to new resources when food supplies are depleted.
Because individuals left experimental pools within one
day or so after placement of food-occluding fences, these fish
may

have

been

resource levels.

using a win-stay strategy

for monitoring

As described by Janetos (1982a, 1982b), this

strategy means that an animal remains in its present resource
patch (in

this study, a pool) as long as it is

successful.

Therefore, any particular individual would stay in

its present

patch for another day if it has just had a successful day but
would move to another patch otherwise.
From observations for fish in the Rfo Cafiaza, it can be
concluded that density and distribution of Astyanax fasciatus is
affected by the resources of both food and space.

Multiple

regression analysis ranked wall surface area and water surface
area more important in the explanation of distribution than
pool volume.

Experimental results corroborated these findings.

It was shown that distribution could easily be altered when
wall surface area was changed even when no change in water
volume occurred (Figure 9).

It is likely that the volume of any

particular pool may in some way set an upper limit on the
number of individuals that can or will co-exist together, but the
surface areas of both the water and of adjacent walls, which
may be more directly associated with food availability, are
likely the factors that actually set the carrying capacity.
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Figure 9. Biomass of fish vs pool volume in response to
decreases in wall surface area. Each vertical series represents
one pool. The uppermost point is the control and other points
represent, in decending order, changes in biomass subsequent
to emigrations after daily installation of more fencing on the
adjacent wall.

Feeding activity patterns
Comparisons of level of satiety behaviors (Figure 10) with
actual degree of stomach fullness (Figure 11) allowed me to
interpret field observations and to make judgments about any
fish's level of satiety based on its responses and position in a
pool (Figure 4).

In early morning, the largest individuals began

feeding actively, and as the day progressed and they became
full, they tended to drop out of the area of strong flow at the
head of their pool and subsequently, less dominant individuals
got better access

to incoming

food.

There was a daily

progression with larger, more dominant individuals taking first
chance at incoming food, while leaving smaller, less dominant
individuals to take what they could in peripheral areas until
they had feeding opportunities in the area at the head of their
pool.

D om inance hierarchies

determined the order of feeding.
the

norm al

com parisons

rate

of

between

this

based

on

size

I have been able to document

progression

natural

prim arily
and

this

populations and

allow ed

others

with

experimentally decreased levels of food (through installation of
fences).

Figure 10

depicts

schem atically

the

relative

proportions of size classes that are in each of the foraging
modes (Figure 4) or satiety levels throughout the day.
from

these

experim ents

show

that

the usual

through these satiety levels could be delayed by a
food supply.

Results

progression
decrease in

On the other hand, supplemental feeding caused

an increase in the rate of progression through these levels.
sequence

of

access

to

food

The

suggested that subordinate
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0600

Flow

Figure 10. Schematic representation of distribution of
individuals throughout daylight hours. Fish symbols with open
mouths are in the feeding mode. Symbols without mouths are not
feeding and those with slit mouths may or may not feed.
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Figure 11. Degree of stomach fullness vs time of day.

individuals were likely the ones to be affected by this shortage
first.

Analysis of stomach fullness (Figure 11) showed that

larger individuals (>70 mm TL) normally had fuller stomachs
earlier in the day (F = 10.918, p = .0015) than did smaller
individuals (<70 mm TL) and that smaller individuals did not
usually reach the level of fullness that larger individuals did
even by the end of the day.

Further support that smaller

individuals are first to experience a shortage, comes from
evidence that when individuals did leave pools, the first to go
were always some of the smaller ones in the school.
indicates

that

small

probably

are often

individuals

are

less

com petitive

This
and

left out of the feeding more as food

resources become limited.

CONCLUSIONS
Through

observations

and

experim ents,

the

instream

distribution of Astyanax fasciatus in the Rfo Cafiaza was found
to be influenced by both space and food availability.
correlations between

the

size

of fish

populations

Positive
and

the

volume of pools inhabited were strong and tended to change
seasonally

with

expectations,
season.
of

fluctuations

populations

in

were

water level.

Contrary

crowded

during

more

to
wet

Changes in density were likely due to fluctuating levels

intraspecific

in teractions,

availability of food.

availability

of

habitat

and

Space and food were very closely linked

because the former allowed access to the latter.

Because the

diet of A s t y a n a x
terrestrial

in the Rio Cafiaza consisted primarily of

insects,

food

availability

influenced by many external factors.

for

these

fish

was

The input of terrestrial

insects via the water surface and their importance to the fish
was indicated by a significant correlation between fish biomass
and water surface area.

Vertical banks adjacent to the stream

were also found to be sources of allochthonous insects.

Input

of insects from the stream banks was quite variable, but was
shown

to

be

im portant

when

experim ental

decrease

effective wall surface area led to the emigration
individuals.

of

of some

One of the major influences on the level of input of

insects from such stream banks was found to be the activity of
Jesus-Christ lizards (Basiliscus vittatus).

The foraging activity

of these lizards on streamside banks caused insects to fall into
the water below.

Because these fish depend heavily on a food

source external to their habitat, their existence, density, and
distribution are closely related to the terrestrial environment
adjacent to their stream.

PART TWO
Influence of Predation Risk on the Instream Distribution of
Astyanax fasciatus.
Connell (1975) suggested predation risk as one of the
m ost

im p o rta n t

se le c tiv e

p re ssu res

and

Sih

(1980)

subsequently pointed out that organisms should be able to
balance the conflicting demands of the need to feed efficiently
with the need to avoid predators while feeding.

If there is any

degree of optimality whatsoever in how an animal manages to
survive and to flourish, then there has to be a great many
compromises made between all the influences on its gain of
energy and all the influences on its loss of energy.

Through

observations on Astyanax fasciatus in the Rfo Cafiaza, I noticed
that such a compromise might explain the fact that, although
these fish generally fed at the surface, they never stayed at the
surface for more than the instant it took to rush up and take a
floating insect.

METHODS AND MATERIALS
The influences of the risk of predation were investigated
primarily in two ways during approximately 200 hours of field
observation during the periods of 14 December through
Decem ber
1991.

17

1989 and 28 November 1990 through 3 January

The first study was a comparison of fish behavior in the

presence and absence of naturally occurring predators.
44

The

second involved the use of models of piscivorous and non*
piscivorous species.
Prelim inary

observations determined

the community provided
fa sc ia tu s.

which

species in

threat to A s t y a n a x

a predatory

This determination was accomplished easily for

aquatic species by making general collections to define the local
ichthyofauna.

Specimens were then dissected to ascertain their

principle diets.

The tetras in this system are one of the largest

and most common fish species present.

One aquatic species

presenting a potential threat due to its size and predatory
nature was the sleeper, G obiom orus

m aculatus.

prim arily

bottom

a

nocturnal

sit-and-w ait

This fish is

predator

and,

therefore, was actually somewhat separated from the tetras by
microhabitat and period of activity.

Usually G o b io m o r u s is

com pletely

hours

hidden

during

daylight

crevices, or M a c r o b r a c h i u m
tetras

opportunistically

under

snags,

in

tunnels, but it probably takes

because

other

authors

(W inem iller

1990, Bussing 1987) list A sty a n a x as a food item found in its
gut contents.

Stomach contents of collections of this sleeper

from the Rfo Cafiaza do not include A s ty a n a x , and therefore,
this tetra was considered to be of doubtful importance as a
food item there.

Even so, the potential was present, and the

tetras were expected to respond to G o b io m o ru s as a threat.

A

particularly large specimen of sleeper was converted into a
model by freezing.

To test the hypothesis, the frozen sleeper

was directed into pools with the use of monofilament line
where tetras were active.

The prevalence of kingfishers in the area suggested these
birds as potential predators on A s ty a n a x .

After preliminary

observations, these birds were determined to feed on tetras.
To determine both the distribution and timing of the threat of
predation, the

number of perched

and hunting kingfishers

sighted during 30-minute walks along the stream was recorded
until at least four such observations had been made for all
daylight hours.
to

the

To avoid any changes in behavior in response

observer,

observations

consecutive 30-minute periods.

were

never

made

during

Time of day was also noted

whenever a kingfisher was observed diving to feed.

Because

the major threat is from above, measurements taken included
depth of the schools, a range that extended from the individual
nearest

the

surface

to

the individual

nearest

the

Overall depth of the pools was also noted as a control.

bottom.
These

data were collected throughout daylight hours to determine
any pattern

of change.

Notes were made on the lateral

distribution of the schools as well.

Data on pool depths and

school depths were analized using standard t-tests.
To test the ability of the tetras to discriminate between
common avian species that do or do not pose a threat of
predation, flat models (Figure 12) (original colored versions
prepared by noted bird artist, John P. O'Neill), representing the
ventral view of two species of local birds, were presented
above

sev eral

schools

and

responses

w ere

reco rd ed .

Appropriate life-sized ventral aspects of a piscivorous species
and of a non-piscivorous species painted on stiff foam board

Rust

GREEN KINGFISHER

Brown

Black
Yellow
W hite

GREATER KISKADEE
Figure 12. Representation of flat models of piscivorous
and non<piscivorous birds.
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were modified so that they could be displayed easily and
repeatedly.

This modification involved the attachment of two

monofilament lines, one near the front and one near the back
of the model.

A small lead weight was attached to the upper

surface of the model near the edge opposite the strings for
stability and resistance.

A flying height of about one half

meter above the water surface was chosen because it was low
enough to resemble an attack on the prey species.

Swinging

other objects over the stream allowed me to determine that
A sty a n a x

were not responding to the movements

investigator.

To

quantify

fish

responses

to

of the

m odels,

an

aluminum meter stick was pushed into the substrate in pools
before models were presented.
To determine the effect of increased risk of predation to
these fish, kingfisher models were flown over schools in areas
that normally lacked heavy kingfisher pressure.

These models

were flown over pools once every ten minutes for a period of
four hours during the morning.

Late in the afternoon, the

distribution of the proportions of individuals exhibiting the
various
untreated
tests.

feeding

levels

controls

by

were

recorded

to

be

compared

to

using

m ultiple

K olm ogorov-Sm irnoff

RESULTS AND DISCUSSION
An intuitive assumption would be that a major predator
on A s ty a n a x might be larger predatory fish in the Rio Cafiaza.
When this hypothesis was tested through the introduction of a
large frozen Gobiomorus

maculatus into 15 pools with active

tetras, the tetras never responded, and therefore G o b io m o r u s
was considered to be of negligible threat to the tetras.

The

tetras did not respond to frozen conspecifics either.

The

apparent lack o f predation by G o b io m o r u s on A s ty a n a x was
corroborated by the fact that stomach contents of specimens
collected locally consisted primarily of freshwater shrimp and
p raw n s.
A s ty a n a x
pressures from
and birds.

fa sc ia tu s
several

is

exposed

to

sources including

other

predation

mammals, snakes,

In this study, however, the greatest threats of

predation for these fish are the two species of kingfishers that
frequent the Rfo Cafiaza.
Kingfisher, Ceryle

The larger of the two, the Ringed

torquata, is more common in downstream

areas where the stream is wider and more open above.

This

species was never observed along the first order parts of the
stream

and

downstream
Green

only

occasionally

at

the

study

sites

furthest

and, therefore, was not studied directly.

K ingfisher,

C hloroceryle

The

am erica n a , however, was

common all along the upper parts of the second order main
channel and into the lower reaches of the first order portion of
the stream.

In the upper portions of the first order portion of

the stream, no kingfishers were common, apparently due to the
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50
tighter canopy cover.

Green Kingfishers were observed in this

canopy-covered portion only on two occasions although there
were

many pools

with

an

abundance

of

prey.

Early

observations made it quite evident that kingfishers do not fish
equally the entire length of the Rfo Cafiaza.

The unevenness of

kingfisher predation along the stream is mostly due to habitat
preference (Hilty and Brown 1986, Remsen 1990) and not to
availability of prey.
length

of the

kingfishers

Tetras are found virtually throughout the

stream

rarely,

except

if

ever,

above w aterfalls,
take

advantage

but
of

opportunities in the upper reaches of the stream.
areas

were covered

kingfishers

while

stream side

perches,

by

areas

overhanging canopy
farther

were

downstream ,

frequented

by

the

fishing
Upstream

and
with
these

lacked
a

few
birds.

Therefore, depending on location, schools of fish were exposed
to different levels of risk of predation by the kingfishers.

In

1973, Moshenko and Gee, working in small streams in Canada,
found

that individuals

susceptible

to predation

by

many

terrestrial predators, including kingfishers, were likely to be in
deeper water in pools.

I hypothesized that Astyanax ex p o se d

to such a threat from kingfishers, would respond similarly by
avoiding areas of high risk.

That meant that these characins

would be expected to avoid the surface even though that area
could be profitable for food resources.
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Distribution of predation risk
The

uneven distribution of the kingfishers

along the

stream could be used as a natural experimental treatment on
the distribution of the tetras.

All tetras generally came to the

surface to feed, but only those at the lower study sites were
exposed to high risk of predation while at the surface.

There

was no significant difference between depths of the pools
themselves in areas with and without kingfishers, but depths
of schools in areas with kingfishers tended to be greater than
depths of

schools in areas without kingfishers.

Kingfisher

feeding activity peaked in the early morning hours, with a lull
throughout the afternoon hours, and with another lesser peak
just before dusk (Figure 13).
with

kingfishers

remained

Concomitantly, schools in areas
at

greater

depths

during

the

morning hours than during the afternoon hours (Figure 14).
This lack of simultaneous activity at the surface by fish and
birds appears to represent a trade-off by the fish between
their own

feeding activity and predator avoidance.

Fish in

aTeas without kingfishers remained at a depth (6.9 ±. 2.45) that
was significantly shallower than that of the schools in areas
with actively fishing kingfishers (12 ± 2.10; t = 8.349, df 19, p =
.0001).

Afternoon depths of schools in areas with kingfishers

were not significantly different from depths of schools in areas
without kingfishers.

The lull in

fishing

activity

during

afternoon hours means a decrease in risk of predation, and the
fish seemed to take advantage of the situation by maintaining
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Figure 13. Kingfisher (Chloroccryle americana) feeding
activity throughout daylight hours. Bars represent number of
hunting individuals sighted along the stream during 30-minute
observations.
Asterisks represent number of individuals
observed actually diving into the stream.
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Figure 14. Depths of schools throughout daylight hours in
the presence and absence of kingfishers. Each symbol
represents the depth of the shallowest individual of a school.
Open symbols are observations of schools in areas without
kingfishers and closed symbols are observations of schools in
areas with kingfishers.

positions

nearer

the

surface

that

allow ed

more

efficient

feeding.
There also appears to be some fluctuation in the activity
levels of B a s ilis c u s lizards with a peak during the morning
hours (Figure 15), suggesting that there is potentially more
food available at the surface for the fish during the time when
avian predation pressure is greatest.
tim ing

of

greatest

probably two-fold.

predation

The explanation for the

pressure

from

the

birds

is

Level of hunger in the birds may be

highest during the morning hours because of the overnight fast,
and the potential for greater amounts of food at the surface for
the fish during that time may cause the tetras to come to the
surface more often, thereby giving the birds a better chance of
being successful.

Similarly, Sjoberg (1989) showed that gulls

coordinated their peak fishing activity with the time when fish
were most easily exploited.

Tetras normally stay at a depth of

several centimeters, make quick forays to the surface to take
prey, and immediately return to a depth just out of reach of
the kingfishers.

These

birds

never

actually

submerge

to

pursue fish, but instead take their prey from the uppermost
few centimeters of the water.

The presence of the kingfishers

likely explains why these fish that feed at the surface do not
remain at the surface.

The behavior of the tetras coincides

with observations (Kramer et al. 1983, Gilliam

and Fraser

1987) that fish often decrease the use of a resource to a
minimum to avoid the vicinity of a predator.

In the study by

Kramer et al. (1983), fish that normally came to the surface for

27
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Figure 15. Jesus-Christ lizard, Basiliscus vittatus, activity
throughout daylight hours. Bars represent number of active
individuals sighted along the stream during 30-minute
o b servations.

air stayed at greater depths in the presence of herons.

A

similar threat at the surface was illustrated by Whitfield and
Blaber (1978).

They observed that C larias catfish were often

attacked by birds when they surfaced to breathe.

Power

(1984b) gives an example in which loricariid catfish avoided
shallow areas where they were vulnerable to fishing birds
even in dry season when food was in short supply in deeper
areas.

Angermeier and Karr (1983) suggested that terrestrial

predators may be more important than food availability in
determining distributions among habitats.
Effects of fish size on predation risk
Observations in the Rfo Cafiaza indicate that there may be
some difference in

habitat use of A s t y a n a x .

size-related

Animals of different sizes are commonly exposed to different
levels

of predation

pressure

(M ittelbach

1981),

and

this

differential predation may lead to modification of microhabitat
distribution (Stein 1977), changes in feeding rates (Prejs 1987),
and growth (Werner et al. 1983).

Mittelbach (1986) showed

that, as they grow, fish undergo pronounced shifts in habitat
use in response to changes in their vulnerability to predators.
In the Rfo Cafiaza study, larger individuals (>70 mm TL) stayed
nearer

the

surface

when

they

were

actively

feeding,

minimizing the distance between their position and the area
where food was most likely to be obtained.

The Green

Kingfisher only rarely takes fish larger than 60 mm SL while
the Ringed Kingfisher commonly takes fish greater than 100

mm SL (Remsen 1990).

Hoenicke (1983) observed that small

A s ty a n a x (< 50 mm SL) were commonly taken by kingfishers.
This, in effect, means that most A s t y a n a x are vulnerable to
predation

from

these

birds,

but

sm aller

especially

susceptible to predation.

individuals

are

However, because the

larger of the two species of kingfisher probably only rarely
occurred in the study areas of the Rfo Cafiaza, fish greater than
70 mm TL may have reached a size that allowed them escape
from this predation risk.

The fact that these larger fish still did

not remain in the top 10 to 15 cm of the water probably means
that the Ringed Kingfisher does occasionally come into the area
or that other terrestrial predators may eat them from time to
time.

Another explanation of this behavior in large adults is

that selection against remaining near the surface that occurs in
small individuals persists in the older and larger survivors.
Discrimination of risk levels
A sty a n a x

has the ability to distinguish between bird

species that pose a threat and those that do not.

Early attempts

with models placed in stationary positions over schools did not
elicit any response probably because neither kingfisher species
hovers close to the water surface.

Milinski and Heller (1978)

successfully used mobile black silhouette models of kingfishers
to elicit behavioral responses in fish in laboratory situations.
In my studies, realistically colored models (Figure 12) were
displayed over schools of tetras in natural situations.

When a

flat model representing the ventral view of a flying Green
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Kingfisher was flown over schools (n = 50), fish consistently
reacted by immediately moving together under areas with a
rippled surface and dropping a few centimeters (X ± SD = 12.3 ±
3.7 cm) deeper in the water.
example

of schooling

This behavior represents a classic

behavior

Conversely, when a model of a
Greater Kiskadee, Pitangus

in

response

to

a threat.

non-piscivorous species,

the

sulphuratus, was presented in a

similar fashion, no escape response was ever noted.

The two

birds have fairly similar proportions and outlines in general,
but the Green Kingfisher is primarily white on its belly with
dark green on its wings while the somewhat larger Greater
Kiskadee has a relatively shorter bill, bright yellow belly, and
brownish wings.
Such ability to discriminate between potential predators
and innocuous species is energetically advantageous because
fish would otherwise be dropping constantly to greater depths
in the water farther from their food source in response

to

dozens of bird species that fly over the stream but never
consume fish.

If they did drop to avoid every bird, they would

be less efficient energetically.

Such avoidance of the area

where their food source is most abundant would increase the
distance necessary to swim to reach that food.

That increase in

distance would thereby make the food they do get more
expensive in terms of energy gained versus energy spent.
They also would be losing energetically by changing position or
by swimming to greater depth at each passage of a bird.

It would be expected that as predation pressure from
above increases, reluctance of the prey, A s ty a n a x , to come to
the surface to feed would increase.
would cause a decrease in

the

This reluctance, in turn,
amountor rate of feeding.

Therefore, the normal progression through the levels of satiety
(Figure 10) would be delayed because of decreased or delayed
feeding.

When schools of tetras were experimentally exposed

to increased predation pressure by the use of models, they
were found to come to the surface less often to feed.

In fact,

when a model was flown over schools, the introduction of ants,
elicited no response by the tetras (n = 10).

In three cases, I

was able to place ants in pools within 30 seconds after a living
kingfisher had just made a dive there; the fish remained at a
safe depth, not reacting to the food on the surface.

Fish in

pools that were threatened with higher levels of predation fed
less as evidenced by a delay of several hours in the progression
through satiety levels.
(1700-1800

hours)

Distributions

were

m ost

at the

sim ilar

to

end of daylight
those

usually

observed earlier in the afternoon (1400-1500 hours).

The

in creased

the

th reat

of

kingfisher

predation

decreased

frequency of tetras coming to the surface despite the attraction
of food.

Artificially introducing a surplus of insects onto the

surface led to late afternoon distribution patterns of tetras
(Figure 10) much earlier in

the

day.This response due to

satiation could be induced in

as little

as 30 minutes, even in

mid-morning, when sufficient supplemental feeding was done.

CONCLUSIONS
B ased

on

personal

observations

and

on

anecdotal

information, risk of predation for Astyanax fasciatus in the Rfo
Cafiaza came in many forms, but kingfishers represented the
greatest

threat.

V ulnerability

to

an

aerial predator was

especially high due to the fact that the primary food source of
the fish was located at the surface.

The presence of food source

and principal predator in the same microhabitat meant that Rfo
Cafiaza tetras developed a compromise between the necessity
to eat and the threat of being eaten.

Even so, this threat is

neither distributed evenly along the Rfo Cafiaza nor temporally
throughout the day due to the habitat preference and the
activity pattern of these birds.

The kingfishers concentrate

their fishing effort during morning hours in areas that tended
to lack overhanging canopy but did have streamside perches.
The plunge-diving technique of the kingfishers is efficient only
near the surface so that fish within 10 cm or so of the surface
are at risk, but individuals at greater depths are essentially out
of danger.

These birds are visually-oriented hunters, and

therefore, water surface conditions and clarity are especially
important for successful prey capture.
As adults, Astyanax attain a size that allows refuge from
attack by Green Kingfishers.

Smaller individuals were exposed

to higher levels of predation risk.

Tetras showed variability in

timing and location of feeding activity in accordance with size.
All individuals responded to the presence of kingfishers by
avoiding the surface, particularly those areas with a smooth
60

surface.

Tetras in tests showed the ability to distinguish

between a bird that posed a threat and one that did not.
Position in the stream is influenced tremendously by any
individual's
predation.

level

of

satiety

and

the

immediate

risk

of

GENERAL CONCLUSIONS
A styanax

fa sc ia tu s has been shown to have a habitat

preference for areas of moderate flow and a diet that usually
includes a large proportion of terrestrial arthropods.

The

natural population densities and microhabitat distributions of
this species are interrelated with its preferences and with
several characteristics of its environment.

Habitat preference,

foraging behavior, and predator avoidance all represent the
present level of expression of A. fasciatus' adaptation to the
selective pressures in its environment.
The density of this species was related to the availability
of both space and food.

Determining the degree of influence of

either of these factors individually is probably not possible
since the two are so closely linked in this species.

Space allows

access to food, but both space and food abundance may change
daily and seasonally.
Distribution of resources among individuals is affected by
intraspecific competition.
levels of dominance.
sm aller

in d iv id u als

Hierarchies based on size determined

Larger individuals took precedence over
and,

when

food

resources

w ere

experimentally decreased, smaller individuals were the first to
be deprived.
some

When food was decreased in any particular patch

individuals

em igrated,

presumably

due

to

increased

com petition.
Predation

risk

to

these

fish

came

prim arily

from

kingfishers, which caused compromises in the foraging strategy
of the tetras in the Rfo Cafiaza.
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Tetras exposed to a greater risk

of kingfisher predation

tended

to

stay

at greater depths

although their primary food resource occurred at the surface.
With increased predation risk, reluctance to approach the
surface

increased.

The

tetras

were

able

to

distinguish

kingfishers from non>piscivorous birds and only moved to
greater depths in the presence of piscivorous species.
Because Astyanax

fasciatus occurs over such a broad

geographic range, it is exposed to a variety of environmental
challenges.

The opportunistic nature of this generalized species

allows it to take advantage of varied habitats and resources
through

adaptation

to

local

or

regional

co n strain ts.

Understanding such species in simple ecosystems eventually
will allow a better understanding of species rich and more
complex ecosystems that include Astyanax fasciatus.
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